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Abstract 
Recognizing the widespread of negative impact from the usage of fossil fuels, biodiesel has been explored to ensure the 
sustainability of the environment. Recently, microtube reactor has been widely studied for continuous synthesis of biodiesel 
production. Therefore, this paper is intended to investigate the transesterification of palm oil using micro- and milli-channel 
reactors. The research was conducted to study the effects of catalyst concentration (0.5-5.0 wt%) and residence time (60-180 s) 
for two different tube internal diameters of 1.6 and 0.58 mm. The results showed that the oil conversion and FAME yield are 
greatly influenced by the tube internal diameter, catalyst concentration and residence time. The effect of tube internal diameter 
may be attributed to mass transfer effect between oil and methanol phases. The microtube reactor achieved more than 95% at 4.5 
wt% of catalyst concentration and 180 s of residence time.  Besides, the ester content determined by GC-FID analysis is a good 
estimation to the FAME yield determined by HPLC analysis. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICPEAM 2016.  
Keywords: biodiesel;micro and milli-channel reactor; palm oil; transesterification 
1. Introduction 
Due to the increment of the technology which increase the usage of energy generated from the combustion of the 
fossil fuels concurrently produces some environmental concerns which can affect the ecosystem [1]. One of the 
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renewable energy which could reduce the emission of greenhouse gases that has great potential to use as a substitute 
to petroleum diesel fuel is biodiesel [2,3].  
 Biodiesel could be produced through transesterification process by using microtube rector. In microtube reactor, 
the transesterification process occurs continuously and it exhibits various advantages. For example, the amount of 
reactants used could be minimal and could accurately control the conditions when the dimension of microtube 
reactor is small. Besides, due to the small dimensions and large surface area to volume ratio, microtube reactor 
system will intensify the mass transfer [4]. It has been reported that mass transfer across the boundary between two 
phases (oil and methanol phases) in a microtube will be enhanced by internal circulation in the segmented liquids 
[5,6].  
Even though microtube reactor has been widely studied recently but there is little information available in micro 
and milli-channel reactor. Hence, it is useful to do a study in both micro- and milli-channel reactors in order to be 
used in industrial application. Thus, this paper will study the effect of catalyst concentration (0.5-5.0 wt%) and 
residence time (60-180 s), for micro- and milli-channel  reactors with tube internal diameters; 1.6 and 0.58 mm.  
2. Methodology 
2.1. Materials 
The feedstock used was refined palm oil which was purchased from FFM Berhad, Malaysia. Methanol and acetic 
acid were obtained from Merck Co. Ltd. and potassium hydroxide was supplied by R&M Chemicals. Transparent 
polytetrafluoroethylene (PTFE) tubes (inner diameter = 1.6 and 0.58 mm, length = 1000 mm) were used for 
millichannel reactor.  
2.2. Experimental  
Fig. 1 shows a schematic diagram of the microtube reactor system. Two syringe pumps were used to inject the 
liquids; methanol containing KOH and oil, respectively. The methanol to oil molar ratio was fixed at 21:1. Both oil 
and methanol containing 0.5-5 wt% of KOH concentration against palm oil were mixed at a T-shape joint prior to 
introduction into the microtube reactor. The residence time for reaction were varied from 60 to 180 s. The microtube 
reactor was placed on a hot plate and covered by glass plate to control the temperature at 60 °C. The 10% (v/v) of 
acetic acid solution was used to terminate the reaction of the product and it was rinsed with deionized water for three 
times using centrifuge to remove all the residues.  
 
Fig. 1. Microtube reactor. 
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2.3. Testing  
The products were analyzed by using a High Performance Liquid Chromatography (HPLC) from Shimadzu 
Prominence equipped with silica-gel column (Shimpack CLC-SIL) and refractive index detector using a mobile 
phase of n-hexane/2-propanol = 99.5/0.5 (v/v) in order to measure the oil conversion (conversion of triglycerides to 
other compounds such as diglycerides, monoglycerides, free fatty acid and FAME) and fatty acid methyl ester 
(FAME) yield. While, Gas Chromatography-Flame Ionization Detector (GC-FID) from Shimadzu attached with 
capillary column (BPX-70) was also used to analyse the ester content in the product.  
3. Result and Discussion 
3.1. Effect of catalyst concentration 
One of the parameters for operating a microtube reactor is catalyst concentration. The catalyst used in the 
reaction is potassium hydroxide. The operating conditions to study the effect of catalyst concentration are 21:1 
methanol to oil ratio, temperature at 60 °C, and residence time set for 180 s. The catalyst concentration was varied 
from 0.5 to 5.0 wt% for two different tube internal diameters; 1.6 and 0.58 mm. Fig. 2 shows that both FAME yield 
and oil conversion obtained from analysis of HPLC was higher in smaller tube internal diameter (0.58 mm) than in 
large tube internal diameter (1.6 mm). This is due to the influence of mass transfer as the smaller tube internal 
diameter will have higher average liquid velocity compared with larger tube internal diameter. Besides, the higher 
interfacial area between the two phases existing in transesterification process could be achieved in small tube 
internal diameter [6-8]. For both tube internal diameters, the highest FAME yield was achieved at 4.5 wt% catalyst 
concentration with 91% FAME yield for 1.6 mm and 98.8% FAME yield for 0.58 mm tube internal diameters. 
However, the oil conversion for 0.58 mm starts to achieve 100% at 3.5 wt% catalyst concentration and at 4.5 wt% 
for 1.6 mm tube internal diameter.  
 
 
Fig. 2. Effect of catalyst concentration on FAME yield and oil conversion. 
Based on the result in Fig. 2, the 0.58 mm tube internal diameter produced high oil conversion and FAME yield 
in comparison with 1.6 mm tube internal diameter for all catalyst concentration. Sun et al. (2007) stated that the 
efficiency of mass transfer will increase due to the higher interfacial area between two immiscible liquid phases [9]. 
Therefore, Fig. 3 is plotted to show the effect of interfacial area between oil and methanol per unit volume of 
methanol, S/V. The interfacial area between oil and methanol in 0.58 mm is higher for all catalyst concentration in 
comparison with 1.6 mm tube internal diameter.  So, the result shows that the small tube internal diameter has 
higher interfacial area and thus produce higher oil conversion. 
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Fig. 3. Effect of interfacial area between oil and methanol towards the oil conversion. 
In order to verify the FAME yield that obtained from HPLC, the ester content was measured by GC-FID. Fig. 4 
shows a plot of FAME yield versus ester content. From the plot in Fig. 4, it is obvious that FAME yield and the ester 
content are very similar. This shows that the ester content could be used as instead of the FAME yield. 
  
 
Fig. 4. Co-relation between FAME yield and ester content. 
3.2. Effect of residence time 
According to the literature, it was reported that the FAME yield and oil conversion rate increases with time for 
the transesterification reaction [9-11]. Fig. 5 shows the effect of residence time on FAME yield and oil conversion 
for two different tube internal diameters. The experiments were performed at 21:1 methanol to oil molar ratio, 60 °C 
temperature and 4.5 wt% of KOH concentration. The residence times were 60, 120 and 180 s, respectively. As 
shown in Fig. 5, the percentage of both oil conversion and FAME yield increased rapidly with increasing residence 
time from 60 to 120 s. Then it is slightly increased from 120 to 180 s for the FAME yield for both internal 
diameters. However, the oil conversion from 120 to 180 s only shows the increment for 1.6 mm tube internal 
diameter. The oil conversion for 0.58 mm tube internal diameter remains constant from 120 to 180 s as it already 
achieved 100% oil conversion. This study is comparable with paper written by Rahimi et al. [10] and Rashid et al. 
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[11] which shows the increment of the FAME yield when the residence time increase. These results may be 
attributed to the complete transesterification reaction between methanol and oil in the longer residence time and 
great mixing in microtube reactor [12, 13]. In addition, a higher percentage of oil conversion and FAME yield was 
achieved in the small tube internal diameter.  
 
 
Fig. 5. Effect of residence time on FAME yield and oil conversion. 
Fig. 6 shows the graph of interfacial area between two immiscible phases versus oil conversion. The graph shows 
higher interfacial area leads to higher oil conversion. The tube with internal diameter 0.58 mm which has high oil 
conversion for all residence time in comparison with 1.6 mm tube internal diameter shown Figure 5 has highest 
interfacial area. Therefore, it confirms that the interfacial area is the major factor in acquiring high oil conversion.  
 
 
Fig. 6. Effect of interfacial area between oil and methanol towards the oil conversion. 
GC-FID is commonly used to analyse the biodiesel product in order to comply the EN methods. However, in this 
study, the graph of FAME yield (obtained from HPLC) versus ester content (obtained from GC-FID) is plotted and 
shown in Fig. 7. It shows that FAME yield for both tube internal diameters are proportional to ester content. 
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Fig. 7. Co-relation between FAME yield and ester content. 
4. Conclusion 
In the present study, experimental work on biodiesel production using micro- and milli-channel reactors was 
carried out. The objectives of this study are to investigate the effects of catalyst concentration and residence time 
towards FAME yield and oil conversion for two different tube internal diameters. The oil conversion and FAME 
yields increases by increasing either catalyst concentration and residence time. These two trends are attributed to the 
positive effects by catalyst concentration and reaction time. The effect of tube internal diameter can be explained by 
mass transfer limitation between oil and methanol phases. It is worthwhile to mention that the ester content 
determined by GC-FID analysis can be a good approximation to the FAME yield determined by HPLC analysis.  
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